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Guidelines
Immunology Boards

Thelong-termobjectivesof thelmmunology Boardsareto elucidatethecellular and molecular
mechanismsof theimmuneresponseand the pathogenesi sof immunol ogic disordersandto pursuethe
areasof immunology that areuseful for expediting development of (1) vaccinesto preventinfectious
diseases and (2) new methods to prevent and treat immunologic diseases. Basic research in
immunology isessential to better understanding of the pathogenes sof immunol ogicandinfectious
diseases.

Research areasthat arerel evant to these obj ectivesareasfollows:

Molecular studiesonthegenetic organization of thelymphoid system, including genetargeting,
transgenes, and appli cationssuch asgeneknockout and other strategiesfor study of immunity and

diseasemodelsintransgenicmice

Cdlular andmolecular studiesof lymphocyteactivation, proliferation, and differentiation, with
specid referenceto cytokinesandtheir signaling mechanisms

Cdlular, molecular, andimmunogeneti c approachestorecognition of T cellsand selectionof the
T-cell repertoire

Céllular and mol ecul ar studiesof theregul ation of theimmuneresponse, with emphasison
pathogenes sof human autoimmunedisease

Studiesonthedevel opment of new and moreeffectivemethodsfor thediagnosis, treatment, and
preventionof immuneand infecti ousdiseases, including vaccinedevel opment

M echani smsto support theinteraction of immunol ogistsand theexchangeof informationand
materia between scientistsinthe United Statesand Japan
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Five-Year Summary
Broad Goals

In 1981, the Joint Committee of the
U.S.-Japan Cooperative Medical
Science Program formed the |mmu-
nology Boards to elucidate the
cellular and molecular mechanisms
associated with the immune response
and the pathogenesis of immunologic
disorders. The goalswereto
advanceresearch inimmunology (1)
to expedite the devel opment of
vaccines to prevent infectious
diseases and (2) to develop new
methods to prevent and treat
immunologic diseases.

During the past 5 years, the Immunol-
ogy Board members have carried out
important studies directly related to
these goals. This research includes
investigationsin the following areas:

¢ Immunobiology of human and
mouse lymphocytes and antigen-
presenting cells

* |dentification and characteriza-
tion of the genes that regulate
differentiation of T cellsinto func-
tional subsets

*  Elucidation of molecular and
cellular eventsinvolved in normal
lymphocyte development and
immune response, aswell asaberra-
tions that result in disease

¢ Development of monoclonal
antibodies as antitumor agents

e Study of molecular regulation of
B-cell development and antibody
formation

¢ Exploration of mechanisms
involved in theinduction of immune
tolerance

Progressand Accomplish-
ments

During the past 5 years, the out-
standing progress in immunol ogy
beguninthe 1980s and early 1990s
has continued to accelerate and
expand. This progress has advanced
the goal of directly applying basic
knowledge to the diagnosis, treat-
ment, and prevention of infectious
and immunologic diseases. Signifi-
cant research achievements and
technological innovations have made
it possible to determine gene and
protein structure and to develop
powerful new molecular and genetic
methods to ablate genesin mice
(gene knockout) and to create
transgeni ¢ mice expressing hew
genes that can be inherited. The
promise of previous years has been
fulfilled by the acquisition of awealth
of critical informationin severa
areas:

e Elucidation of the multitude of
cytokines that interact with each
other and with other moleculesin a
complex way to promotethe differen-
tiation and activation of immunecells

* Sequencing and structural
definition of moleculescentral to
immune function and tolerance

¢ Determination of thelinkage
between antigen processing and
presentationto T cellsfor functional
response

¢ Discovery of the central role of
themajor histocompatibility complex
in disease processes and vaccine
development

Moreover, the past 5 years have seen
major advancesin elucidating the
complex molecular cascadesthat
comprise the signal transduction
pathways that activate gene expres-
sion after triggering of specific

53

receptors. Considerable progress
was also made in understanding the
rolesof avariety of protein families
that regulate cell death, and extensive
new information was obtained on
dendritic cells, apreviously elusive
but critically important type of
antigen-presenting cell. Members of
the Immunology Boards have been at
the forefront of many of these
promising new advances.

I mmunotherapy for Cancer

Antibodies conjugated with toxin
molecules have been developed as
therapeutic agents for cancer. Such
immunotoxins have specificity for
particular proteins expressed on
tumor cells. They actually cankill the
tumor by delivering the toxin to the
inside of the tumor cells after binding
to aspecific cell-surface protein.
Preclinical work demonstrated that
these reagents can successfully
target B-cell lymphomas, and clinical
trialsarein progress. Combination
treatment with immunotoxinsand
conventional chemotherapy also has
shown promisein tumor model
systems. Other successful ap-
proachesin animal models of cancer
include the development of candi-
dates for tumor antigen vaccines that
contain cytokines and the identifica-
tion of melanomatumor antigensthat
serve as effective stimuli and targets
of cytolytic T cells.

In addition to theimmunotoxin
approach, alarge body of work has
focused on the mechanisms by which
cellsdie, with the goal of causing
molecular deathintumor cells. The
discovery and characterization of
proteins such as Fas and TRAIL
have opened an area for potential
development of new agents for
cancer treatment.



Cytokines and Differentiation of T-
Cell Subsets

Much progress has been madein
identifying and understanding the
functions of avariety of cytokinesthat
mediateand modulateimmunere-
sponses. Congderablework onthe
cytokinesinterleukin12 (IL-12) and IL-4
led to the paradigm of responses of
opposing types of CD4-postive T cels
(type land type2). Mechanismsof the
productionand regulation of I1L-12, the
type 1 dominant cytokine, and of IL-4,
the type 2 dominant cytokine, have been
described. Themolecular mechanisms
that regulate the cell-type-specific
expression of such cytokines have been
elusive, but recent work has defined
severd of the key eventsin this process.
For example, thetranscriptionfactor c-
maf wasidentified and found to control
cdl-type-specificexpressonof IL-4,
which promotes antibody production
and inhibitsinflammatory responses.
Research has reveded the mechanism by
which c-maf bindstothegenefor IL-4to
regulate IL-4 protein production and has
shown that c-maf actsin concert with
another nuclear protein. Additiona
studies of transgenic micewith some
human genes have demongtrated that
the production of the human type 2
cytokines|L-4,1L-5,andIL-13canbe
blocked by drug trestment of thesemice.
Thisexciting accomplishmentindicates
thefeashility of using transgenic miceto
test thergpiesfor human dlergies,
asthma, and autoimmune diseases.

Control of GeneExpression in T-Cdll
Activation

Major progress has been madein
understanding how the binding of
extracellular stimuli (e.g., antigensor
growth factors) to T-cell surfaces
triggers new gene expression within
theT-cell nucleus. Geneexpression
requires access to the nuclear DNA,
which is condensed and bound by
proteinsin the quiescent state. Recent
findings suggest that access to the
DNA isregulated by alarge complex of

proteins that respond to intracellular
signals generated by theinitial binding
of theextracellular stimulus. Discov-
ery of thiscomplex that isinvolvedin
accessingthe DNA isamgjor accom-
plishment that greatly advances reseaerch
on T cdlsand other cellular systems.
Many of the components and properties
of thisregulatory complex have been
identified, and ongoing work has
demongtrated thefeasibility of moving
thisarea of research into in vivo systems.

Co-gimulation and Regulation of T-
Cdl Activation

Investigation of T-cell and B-cell
activation has elucidated the central
roles of co-stimulator receptors.
Promising new work indicatesthat the
T-cell molecule CTLA-4isakey com-
ponent in the regulation of costimu-
lation. CTLA-4 existscongdtitutively in
internal cell compartments, but it
moves rapidly to the cell surface on T-
cdl activation. CTLA-4onthecell
surface can act early inthe T-cell
response to attenuate or block acti-
vation by weak co-stimulation plus
antigen binding. However, it can aso
act late in response generated by
strong co-stimulation, to turn off the
response and prevent unbridled cyto-
kine production that could be
detrimental. In mouse modelsof
multiple sclerosisor diabetes, blocking
the activity of CTLA-4 caused
increased severity of disease. In
contrast, and as expected, mouse
tumorswererejected morevigorously
if CTLA-4 activity wasblocked. Some
of theintracellular signaling pathways
that mediate CTLA-4 effectsare now
known, and elegant in vivo systems
are being devel oped to manipulate
CTLA-4 activity during physiologi-
cally important immune responses.
These recent studies highlight the
emerging picturethat T cellsare
actively maintained in a poised state
that requires inhibitory signalsto
keep themin check. Thisconceptis
consistent with findings that
demonstrate alarge number of
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actively synthesized proteinsin
quiescent T cells.

FutureGoals

The basicimmunology component is
essential to understanding the
pathogenesis of immunologic and
infectious diseases. Thelong-term
objectives of the Immunology Boards
areto ducidatethe cellular and
molecular mechanismsof theimmune
response and the pathogenesis of
immunologic disorders, to pursue(1)
areas of immunology appropriateto
expediting development of vaccines
for prevention of infectious diseases
and (2) new methods to prevent and
treat immunologic diseases and cancer.
To advance these goals, the outstand-
ing scientists of the Immunology
Boardswill continuetheir research
effortsinthefollowing aress.

*  Molecular gendticsof immune
response

* Invedigation of the factors that
governthelifeand death of T cellsand B
cdlsinvivo

*  Study of molecular mechanismsof
antibody production and function

*  Elucidation of the selection proc-
essesthat contral effectiveimmunity and
immunetolerance

*  Explorationof theco-gimulatory
pathwaysthat regulateimmune activity

e Determination of the nuclear events

responsiblefor regulaing gene expres-
son

*  Immunothergpy for cancer

A major goal isthe continued and joint
participation of the Immunology
Boardsin promising and productive
scientific meetings with the other
panels of the U.S.-Japan Cooperative
Medica ScienceProgram.
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